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Abstract: In this article we extend the standard model with a SU(2) singlet leptonic
Dirac fermion χ, which represents the candidate of dark matter, and a triplet scalar ∆. In
the early Universe, the CP violating out of equilibrium decay of ∆ generates a net B − L
asymmetry in the SM sector, where B and L represents the total baryon and lepton number
respectively. A part of this asymmetry gets transferred to the dark sector through a higher
dimensional operator which conserve B − L, while the B + L violating sphalerons keeps
converting B − L asymmetry to the observed B asymmetry. In addition, we introduce
a singlet scalar field φ which mixes with the SM-Higgs to give a resonance channel to
annihilate the symmetric component of DM and also gives direct detection signal. In our
model, the active neutrinos get small masses by the induced vacuum expectation value
(vev) of the triplet scalar ∆. In the later part of the paper we discuss all the constraints
coming from invisible Higgs decay, Higgs signal strength, DM direct detection and relic
density of DM.
Keywords: Seesaw Models, Leptogenesis, Asymmetric dark matter, Beyond Standard
Model Physics.a
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1 Introduction
One of the most important aspects of beyond the standard model (SM) particle physics
is dark matter (DM) phenomenology. There are lots of astrophysical evidences which
ensure the existence of DM[1, 2]. The prime among them are the galaxy rotation curve,
gravitational lensing and the large scale structure of the Universe. Another important
puzzle in physics is why the universe is baryon asymmetric. The baryon asymmetry of the
Universe usually given in terms of η =
nB−nB¯
nγ
= (6.12 ± 0.04) × 10−10, where η = 7.04YB
with YB ≡ nB/s[3]. The amount of CP violation in the SM cannot explain the present
baryon asymmetry of the Universe. This is another reason why to explore the physics
beyond the SM.
Experimentally it has been observed that the DM relic density given in terms of ΩDM ≡
ρDM/ρc is about five times larger than the baryon relic density in the present Universe, i.e.,
ΩDM ∼ 5ΩB [4, 5]. This proportionality known to be as cosmic coincidence. If we assume
that the mass of the DM is of the order of proton mass i.e., in the GeV scale, then the
number density of DM and baryons are of the same order. The idea of the asymmetric
DM is similar to the baryon asymmetry of the Universe, i.e., an asymmetry in dark sector
of DM particle over its anti-particle [6–78]. In asymmetric DM model we establish a
proportionality between DM number density and baryon number density so that they have
same order of magnitude to solve the so called cosmic coincidence. The observed DM
abundance can be expressed as
YDM ≡ nDM
s
= 4× 10−10
(
1GeV
MDM
)(
ΩDMh
2
0.11
)
. (1.1)
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This implies that YDM/YB ≈ O(1) if MDM ∼ 5 GeV. However, it can vary from a GeV
to TeV depending on the magnitude of CP violation in visible and dark sectors. See for
instance [69–71]1
In this article we introduce a SU(2) triplet scalar field(∆), which decays to SM lepton
doublet and Higgs field [69–71, 79–83] as pictorially shown in Fig. 1. This decay is CP
violating and satisfying all Sakharov conditions to give the lepton asymmetry in SM sector
[84, 85]. An extra scalar φ and a leptonic Dirac fermion χ have been introduced in the
model. The leptonic Dirac fermion χ is charged under a global U(1)D symmetry which
provides stability to the DM and also forbids the Majorana mass term of the χ, the term
which can spoil the asymmetry in the dark sector. The φ field helps to annihilate the
symmetric component of the DM via φ − H mixing. The asymmetry created in leptonic
sector transfers to the DM sector through a higher dimensional operator χ¯
2(LH)2
M4asy
[86–89].
Note that this operator softly breaks the U(1)D global symmetry to a remnant Z2 symmetry
under which χ is odd and all other particles are even. We ensure that the softly broken
U(1)D symmetry does not create any Goldstone boson in the theory.
1
Mnasy
ODMOSM
DM(χ)
∆
LL HH
Dark sector V isible sector
B − L = 0
φ
U(1)D
Figure 1: Pictorial presentation of thermal contact between the dark sector and visible sector via scalar
portal as well as higher dimension operator, which conserves B−L symmetry and are in thermal equilibrium
above sphaleron decoupling temperature.
The paper is organized as follows: In Sec. 2 , we introduce the model part. Sec. 3
is devoted to explain the neutrino masses in type-II seesaw. The generation of lepton
asymmetry in the visible sector and the transfer of lepton asymmetry from visible sector
to dark sector is discussed in Sec. 4 . In Sec. 4.1, we describe the condition for annihilation
of symmetric component of the DM. We present the constraints on model parameters from
invisible Higgs decay, Higgs signal strength, the relic abundance of DM and its direct
detection in Sec. 4.2, 4.3, 4.4, respectively. We conclude in Sec. 5 .
2 The model
The model under consideration is extended the SM with U(1)D symmetry, where U(1)D is
a global symmetry. In addition to that we extend the SM particle content by introducing
two triplet scalars ∆1,2, a singlet leptonic Dirac fermion χ and a singlet complex scalar φ,
under SU(2)L. The singlet scalar φ mixes with the SM-Higgs H. Due to U(1)D symmetry,
1In ref. [69–71] an inert fermion doublet ψ was introduced which symmetrically couples to ∆. If ψ is odd
under a remnant Z2 discrete symmetry, then the neutral component of ψ can be a candidate of inelastic
asymmetric DM.
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χ is a stable particle and is a viable candidate of DM. The particle content of the model
and their corresponding quantum numbers are given in the Table 1 .
Fields SU(3)c SU(2)L U(1)Y U(1)D
∆ 1 3 +1 0
φ 1 1 0 0
χ 1 1 0 -1
Table 1: Quantum numbers of the new particles under the imposed symmetry.
The corresponding Lagrangian can be given as:
L ⊃ χiγµ∂µχ+ (∂µφ)(∂µφ) +Mχχχ+ λDMχχφ+ λ(Lc)iτ2∆L− V (H,φ), (2.1)
where
V (H,φ) = −µ2HH†H + λH(H†H)2 +M2φφ2 + λφφ4 +M2∆∆†∆ + λ∆(∆†∆)2
+ [µ(Hc)iτ2∆†H + h.c.] + ρ1φ(H†H) + ρ2φ(∆†∆)
+ λHφ(H
†H)φ2 + λH∆(H†H)(∆†∆) + λ∆φ(∆†∆)φ2 . (2.2)
As discussed above, the masses of heavy triplet scalar: M∆ >> MW . The vacuum ex-
pectation value (vev) of the SM-Higgs induces a non-zero vev to φ due to trilinear term
ρ1φ(H
†H) as given in Eq. 2.2 . However, we assume that 〈φ〉 = u << v, where v is the
SM-Higgs vev. We set it to zero (i.e., 〈φ〉 = 0), as it is not affect the discussion in the
following sections. Further details of SM-Higgs and φ mixing we refer to the ref. [90].
The new mass eigenstates we realise after SM-Higgs and φ mixing as, h1 to be SM-like
Higgs with Mh1 = 125.18GeV, while h2 as the second Higgs. We determine its mass from
relic abundance requirement. In section 4.1 we obtain its mass as for the requirement of
depletion of the symmetric component of the DM to be Mh2 ≈ 2Mχ ≈ 16.425 GeV. To
explain the masses of h1, h2 simultaneously we require sin γ = 0.16(λHφ = 0.1), 0.6(λHφ =
0.01). Hence, it shows a large range of mixing angle is allowed. As we discuss in[90], the
λeff is almost independent of λHφ for sin γ = 0.1.
3 Neutrino masses
This model explains the smallness of the neutrino masses through Lagrangian terms as
given in Eq. 2.1 [91–96],
L ⊃M2∆∆†∆ + λ(Lc)iτ2∆L+ µ(Hc)iτ2∆†H + h.c. (3.1)
After the electroweak phase transition ∆ acquires an induced vev and is given by
〈∆〉 = w = −µv
2
M2∆
(3.2)
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Where v = 〈H〉 = 246 GeV. The ρ parameter constraint the vev of ∆ to satisfy the
requirement of
ρ ≡ M
2
w
M2Z cos θw
=
1 + 2x2
1 + 4x2
≈ 1 (3.3)
where x = w/v. This constraint implies, w < O(1) GeV. From trilinear coupling of ∆LL
we get light Majorana neutrino mass matrix for three flavors as,
(Mν)αβ = λ〈∆〉 = λ
(
−µv
2
M2∆
)
. (3.4)
For λ ≈ O(1), to get observed light neutrino masses, we choose µ ∼M∆ ∼ 1014 GeV.
4 Triplet scalar leptogenesis and asymmetric DM
The heavy triplet scalars, which assumed to be exist in the early Universe, are in thermal
equilibrium above their mass scales. As a result of Universe expansion, the temperature
falls below the mass scales of triplet scalars. Then they go out-of-equilibrium and decay
through the process: λ∆LL+µ∆†HH+h.c.. This decay violates B−L by two units. The
decay rate of ∆ is given by: Γ∆ =
1
8pi (|λ|2 + µ
2
M2∆
)M∆. To get out-of-equilibrium condition,
we compare it with Hubble expansion parameter H = 1.67g
1/2
∗ T 2/MPl at T ∼M∆, and it
is given by, |λ| . |
√
1.67× 8pi√g∗(M∆/Mpl)− (µ2/M2∆) |. For µ ≤ M∆ ' 1014 GeV, we
get |λ| . O(1). The decoupling epoch can be different for different mass scale of triplet
scalars.
To get the CP asymmetry we need at least two copies of triplet scalar. In presence of
these triplet scalars interactions, the diagonal mass M2∆ in Eq. 2.2 can be replaced by [79],
1
2
∆†a(M
2
+)ab∆b +
1
2
(∆∗a)
†(M2−)ab∆
∗
b . (4.1)
The trilinear couplings µ(Hc)iτ2∆†H+h.c. in Eq. 2.2 then becomes
∑
a=1,2
µa(Hc)iτ
2∆†H+
h.c..
The mass matrix given in Eq. 4.1 is
M2± =
M21 − iC11 −iC±12
−iC±21 M22 − iC22
 (4.2)
here C+ab = ΓabMb, C
−
ab = Γ
∗
abMb and Caa = ΓaaMa with
ΓabMb =
1
8pi
µ1aµ∗2b +MaMb∑
αβ
λ1αβλ
∗
1αβ
 (4.3)
Diagonalizing the above mass matrix Eq. 4.2, we get two mass eigenvalues M1 and
M2 corresponding to the two eigenstates ξ
±
1 and ξ
±
2 . Note that the mass eigenstates ξ
+
1
and ξ−1 (similarly ξ
+
2 and ξ
−
2 ) are not CP conjugate states of each other even though they
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are degenerate mass eigen states [69] [73]. As a result, the CP-violating decay of lightest
heavy triplet scalar ξ1 to LL
c, generates a net lepton asymmetry. The CP asymmetry in
the decay of ξ1 arises via the interference of tree level diagram with one loop self energy
diagram as shown in Fig. 2 . The asymmetry L is estimated to be [69]
ξ1 ξ1 ξ2
L
L
H
H
L
L
Figure 2: CP-violation arising from the interference of tree level diagram with self energy correction
diagrams in the decay of ξ1.
L =
Γ(ξ1 → LLc)− Γ(ξc1 → LcL)
Γ1
=
Im
(
µ1µ
∗
2
∑
αβ
λ1αβλ
∗
1αβ
)
8pi2(M22 −M21 )
(
M1
Γ1
)
. (4.4)
where we assume M1 M2, and Mi, i = 1, 2 are the masses of heavy triplet scalars. Thus
below the mass scale of ξ1, we get a net B − L asymmetry [90, 97–99].
(nB−L)total = L κs×
neqξ1(T →∞)
s
(4.5)
where (neqξ1/s)(T → ∞) = 135ζ(3)/(4pi4g∗) is the relativistic equilibrium abundance of
ξ1 . The κ is a washout factor, arises via inverse decay and scattering processes and
s = (2pi2/45)g∗T 3 is the entropy density. Depending on the strength of Yukawa coupling,
the value of κ can vary between 0 to 1. However, for definiteness we choose κ = 0.01. A
part of this asymmetry gets converted to B-asymmetry via the B + L violating sphaleron
transitions, while the B − L conserved higher dimensional operator O8 partially transfers
B − L asymmetry to dark matter asymmetry. The details of B − L asymmetry generated
in the visible sector can be obtained by solving the required Boltzmann equations [69, 70],
which is beyond the scope of this paper.
The asymmetry which is generated by the decay of ξ1 can be transferred from visible
sector to the dark sector by a higher dimensional operator [87]:
O8 = 1
M4asy
χ2(LH)2. (4.6)
This transfer operator will decouple from the thermal plasma at different temperatures,
depending on the value of Masy. The decoupling temperature can be find out by comparing
the interaction rate of the transfer operator with the Hubble expansion parameter of the
Universe at the decoupling temperature TD. For the operator given in Eq. 4.6, the rate of
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interaction between visible and dark sector at the decoupling temperature TD is given by,
ΓD '
(
T 4D
M4asy
)2
TD , (4.7)
where MPl is the Planck mass. By comparing the above interaction rate with the Hubble
expansion parameter H = 1.67g
1/2
∗ T 2D/MPl we get
M8asy > MPlT
7
D . (4.8)
For the SM Higgs boson mass Mh1 = 125.18 GeV, the sphaleron decoupling tempera-
ture Tsph > MW . In our case, we assume TD & Tsph i.e., the asymmetry transfer operator
decouple before sphaleron process decouple. Which constraint Masy using Eq. 4.8 to be
Masy > 0.9× 104GeV. This condition also implies that the processes allowed by the trans-
fer operator will remain out-of-equilibrium below electroweak phase transition. Note that
when χ mass is much smaller than decoupling temperature TD, then only the estimation
of Eq. 4.8 holds.
We assume that, the DM χ is also in thermal equilibrium with the visible sector via
the dimension-8 operator until the sphaleron decoupling temperature Tsph > MW and we
get the number density of χ asymmetry, which is also the B − L number density in dark
sector[90],
nχ = (nB−L)dark = −2µχ = 58
291
(nB−L)vis . (4.9)
We get the total baryon asymmetry generated by the CP-violating out-of-equilibrium
decay of ξ1 as
nB =
30
97
(nB−L)vis . (4.10)
The total B − L number density nB−L of the Universe generated by the CP-violating
out-of -equilibrium decay of the scalar triplet ξ1, is the sum of nB−L in the visible sector
and dark sectors are given as,
(nB−L)total = (nB−L)vis + (nB−L)dark
=
349
291
(nB−L)vis. (4.11)
Comparing Eq. 4.11 with Eq. 4.5 and using Eq. 4.10 , we get the required asymmetry
for observed lepton asymmetry L = 141.23(η/κ)(s/n
eq
ξ1
(T → ∞)). Thus for κ ∼ 0.01 we
get L ∼ 10−6. Using Eq. 4.11 in Eq. 4.10 and Eq. 4.9, we can get,
nB =
90
349
(nB−L)total , nχ =
58
349
(nB−L)total (4.12)
The ratio of DM relic density to baryon relic density, given by WMAP and the
PLANCK data, to be ΩDM/ΩB ≈ 5. This implies from Eqs. (4.12) that,
Mχ ≈ 5 (nB/nχ)Mp ≈ 7.76 GeV (4.13)
where Mp is the proton mass.
Here onwards we discuss the constraints on the annihilation cross-section σ(χ¯χ→ SM)
which depletes the symmetric component of the DM χ, for Mχ = 7.76 GeV.
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4.1 Depletion of the symmetric component of the dark matter
The symmetric component of χ can be efficiently depleted away through the φ−H mixing
portal to the SM particles. Due to Breit-Wigner enhancement in the cross-section, when
extra scalar mass (Mh2) is twice of the DM mass, we get depletion of the symmetric
component of the DM candidates, as shown in Fig. 3 .
The annihilation cross-section for the process: χχ→ ff is given by:
σχv =
√
s− 4M2f
16pis
√
s
× λ
2
DMλ
2
f cos
2 γ sin2 γ[
(s−M2h1)2 + Γ2h1M2h1
] [
(s−M2h2)2 + Γ2h2M2h2
]
× {[2s− (M2h1 +M2h2)]2 + [Γh1Mh1 + Γh2Mh2 ]2}
× {(s− 2M2χ)(s− 2M2f )− 2M2f (s− 2M2χ)
− 2M2χ(s− 2M2f ) + 4M2χM2f } (4.14)
where Mf represents the mass of SM fermions and λf = Mf/v. The decay width of h1 is
given by:
Γh1 = cos
2 γΓSMh1 + sin
2 γΓχ¯χh1 + Γ
h2h2
h1
, (4.15)
where ΓSMh1 = 4.2 MeV,
Γχ¯χh1 = Mh1
λ2DM
8pi
[
1− 4M
2
χ
M2h1
] 3
2
(4.16)
,
Γh2h2h1 =
λ2eff
32piMh1
[
1− 4M
2
h2
M2h1
] 1
2
(4.17)
The decay width of h2 is given by:
Γh2 =
∑
f
CfMh2 sin
2 γ
8pi
(
Mf
v
)2 [
1− 4M
2
f
M2h2
]3/2
+
Mh2λ
2
DM cos
2 γ
8pi
[
1− 4M
2
χ
M2h2
]3/2
, (4.18)
where Cf accounts the color factor of SM fermions.
As we discussed at the end of previous section 4, χχ annihilates dominantly to the
pairs of b¯b, τ¯ τ and c¯c particles. The unknown parameters which dominantly contribute
to the annihilation cross-section in Eq. 4.14 are the mass of h2, i.e. Mh2 and φ − H
nixing, i.e. sin γ and the coupling of h2 with χ, i.e. λDM . These unknown parameters
are highly constrained by invisible Higgs decay [100], relic abundance of DM measured
by PLANCK [5] and WMAP [4], and spin-independent direct detection cross-sections at
XENON100 [101], LUX [102] and XENON1T [103] , and the Higgs signal strength measured
at LHC [104, 105]. For a typical value for sin γ = 0.1 as we discussed in section 2 and the
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allowed value for λDM = 1 × 10−2 (see Fig. 4 ), we plotted σv as a function of Mh2 in
Fig. 3 .
In Fig. 3, we show that most of the parameter space is less than the 〈σ|v|〉F = 2.6 ×
10−9/GeV2, except at the resonance, where σv > 〈σ|v|〉F . A large cross-section is required
to deplete the symmetric component of the DM and it can be achieved via the resonance,
where the mass of h2 is twice of the DM mass.
5 10 20
10-17
10-14
10-11
10-8
10-5
10-2
Mh2[GeV]
σv[G
eV
-2 ] 2.6x10-9[GeV-2]
Figure 3: The annihilation cross-section of χχ → ff as a function of Mh2 for a typical value of
λDM = 1× 10−2, ρ1 = 1× 10−3 and sin γ = 0.1.
4.2 Higgs signal strength
The Higgs signal strength is defined for a particular channel h1 → xx as
µh1→xx =
σh1
σSMh1
Brh1→xx
BrSMh1→xx
=
cos4 γΓSMh1
Γh1
, (4.19)
where Γh1 is given by Eq. 4.15. The σh1 and σ
SM
h1
are Higgs production cross section in
BSM model and SM respectively. Higgs signal strength measurement at LHC can constrain
φ−H mixing in our model. Currently the combined Higgs signal strength measured value
is µ = 1.17± 0.1 [104, 105]. We have taken 2σ and 3σ deviations from the best fit value to
constrain our model parameters, the corresponding contour lines are shown in Fig. 4.
4.3 Constraints from invisible Higgs decay
This model allows SM-like Higgs h1 to decay via invisible channels through φ−H mixing:
h1 → h2h2, h1 → χχ. The branching ratio for the invisible Higgs decay can be defined as:
Brinv =
sin2 γΓχ¯χh1 + [Br(h2 → χ¯χ)]Γ
h2h2
h1
cos2 γΓSMh1 + sin
2 γΓχ¯χh1 + Γ
h2h2
h1
(4.20)
where Γχ¯χh1 and Γ
h2h2
h1
are given by Eqs. 4.16 and 4.17 , respectively. Note that LHC given
an upper bound to the invisible Higgs decay as Brinv ≤ 24% [100]. For a given value of h2
mass, the allowed invisible Higgs decay width will constraint λDM and sin γ as we discuss
at the end of this section.
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4.4 Constraints from direct detection of dark matter
The φ−H scalar mixing allows the DM χ to scatter off the nucleus at terrestrial laboratories.
The spin independent DM-nucleon elastic scattering cross-section can be written as [106–
112] ,
σSI =
µ2r
piA2
[Zfp + (A− Z)fn]2 (4.21)
where the Z and A are the atomic and mass numbers of the target nucleus. In Eq. 4.21 ,
the reduced mass µr = Mχmn/(Mχ + mn), where mn is the mass of the nucleon (proton
or neutron) and fp and fn are the effective interaction strengths of DM with proton and
neutron of the target nucleus and are given by:
fp,n =
∑
q=u,d,s
fp,nTq αq
mp,n
mq
+
2
27
fp,nTG
∑
q=c,t,b
αq
mp,n
mq
, (4.22)
where
αq = λDM
(mq
v
)[ 1
M2h2
− 1
M2h1
]
sin γ cos γ . (4.23)
In the above Eq. 4.22, the fp,nTq are given by f
(p)
Tu = 0.020±0.004, f (p)Td = 0.026±0.005, f (p)Ts =
0.118 ± 0.062, f (n)Tu = 0.014 ± 0.003, f (n)Td = 0.036 ± 0.008, f (n)Ts = 0.118 ± 0.062 [112]. The
coupling of DM with the gluons in target nuclei is parameterized by
fp,nTG = 1−
∑
q=u,d,s
fp,nTq . (4.24)
0.00 0.05 0.10 0.15 0.20 0.25
10-7
10-5
0.001
0.100
10
sinγ
λ DM
NA by Higgs invisible decay
NA by dark matter direct detection
Not allowed(NA) by the requirement of full
annihilation of symmetric component of DM
NA by Higgs signal strength
0.790.89
Figure 4: Allowed regions in the plane of λDM versus sin γ. The region above the Blue, Purple and Pink
lines are disallowed by the spin independent direct detection cross-section at LUX for DM mass 7.76 GeV,
the invisible Higgs decay, i.e. Brinv ≥ 24% and the Higgs signal strength for µ = 0.79, 0.89, respectively.
The region below the bottom Red line is disallowed because σv < 2.6 × 10−9/GeV2 and give large relic
abundance. we fix Mh2 ≈ 2Mχ.
In Fig. 4 we combined all the constraints coming from the invisible Higgs decay, Higgs
signal strength, direct detection of DM at LUX [102] and the relic abundance of dark
matter. Here we set Mh2 ≈ 2Mχ, which enhances the annihilation cross section of the
– 9 –
symmetric component of the dark matter resonantly and allows more parameter space for
λDM and sin γ in Fig. 4. The Pink shaded region shows the constraint from Higgs signal
strength measurement (µ = 1.17± 0.1) [104, 105], the Purple region shows the constraint
from invisible decay of Higgs (i .e., Brinv ≥ 24%) [100], while the Blue region is disallowed
by the spin independent direct detection cross-section at LUX for DM mass 7.76 GeV
and the Green region is disallowed to satisfy the relic abundance of dark matter (i .e.,
σv(χ¯χ → f¯f) < 2.6 × 10−9/GeV2). Finally we end up with a white region which is
allowed in our case after satisfying all the constraints.
5 Conclusion
In this paper, we extended the standard model particle content with two triplet scalars
∆i, (i = 1, 2), a singlet scalar φ and a singlet leptonic Dirac fermion χ. The particle χ
is charged under the extended global symmetry U(1)D. The U(1)D symmetry is softly
broken by higher dimension operator to a remnant Z2 symmetry under which χ is odd. As
a result χ acts as a DM candidate.
In the early Universe, the CP-violating out-of-equilibrium decay of lightest heavy
triplet scalar ∆ creates a net B − L asymmetry. The created B − L asymmetry then
transferred to the dark sector via a dimension-8 operator (χ¯LH)2/M4asy, which conserves
B−L number. The transfer of asymmetry is active until the dimension-8 operator decouple
from the thermal equilibrium. As a result, there is a proportionality arises between the net
B − L asymmetry in the visible sector to a net B − L asymmetry in the dark sector, for
a DM mass of 7.76 GeV. Note that the dimension-8 operator decouples from the thermal
bath before the decoupling of sphaleron process. The B − L asymmetry in the visible
sector can convert to a net B asymmetry through sphaleron transitions. A singlet scalar
φ is introduced to deplete symmetric component of DM by its mixing with SM-Higgs. We
found that the symmetric component of the DM is completely depleted away, when the
singlet scalar mass is twice of the DM mass, i .e., Mφ ' 2Mχ. We consider constraints
from invisible Higgs decay. Higgs signal strength, relic abundance of DM and null detec-
tion of DM at LUX. We show the allowed region in the plane of DM coupling λDM and
H − φ scalar mixing sin γ. We address the non-zero neutrino mass through type-II seesaw
mechanism, where the heavy triplet scalar mass scale ' 1014 GeV.
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